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Fig.3RangeexpansionofthepinewiltdiseasecausedbypinewoodnematodeinTohoku
DistlikutinnorthemJapanfbrseveralselectedtimeintervals｡Acircleindicatenewsatellite
populationsseparatedfi･omthecorerange.
InTohokuDistrict,thePWDspreadsshowedatypicalpattemofstratifieddiffUsion,a
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combinationofjumpdispersalsandneighborhooddiffUsion(Fig.3).Regarding
neighborhooddiffUsion,PWDspreadalong.bigmads,whichindicatesthathuman
transpoltationmayalsoplayrolesinPWDatsmallerscales.Inthelatel970s,PWDsp1℃ad
fmmlshinomakialongRoutes6and46｡1n1978,newinvasionstartedinthesouthemedge
ofTohokuDistrict,whichissupposedtobecausedbyneighborhooddiffUsionofsouthem
populationsinKantoDistrict｡Inl977,1979,1983,1984,1985,1986,1988,newsatellite
populationseparatedfromthecorerangewasgeneratedbyjumPdispersals,whichis
supposedtobecausedbyhumanactivitybecausethedistancefi･omthenearestborderofthe
corerangetoasatellitea1℃aisg･eaterthanthedispersalabilityofJPS｡
4.OakDieback
4.10akDiebackintheWestCoastalAmaoftheMainIslandofJapan
DeciduousoakdiebackinJapanhasbeenknownsincethel930sbutinthelastlOyears
epidemicshaveintensifiedandspreadintonewwestcoastalareas[6].Anunidentified
ambrosiafimgus,genusRq＃ﾋzel",isthecausalagentinoakdieback['InkanoriKUBONO
Pers.Comm.].Asymbioticambrosiabeetle,PIαI)""q"eﾉ℃かoJws(Murayama)(Col.:
Platypodidae)isthevectorofthisfUngus.Althoughl℃latedbeetlesgenerallyattackstl℃ssed
tl℃es,Rq"eﾉ℃ivoJWsattacksandkillsvigoroustl℃es.Thisisthefirstexampleofan
ambrosiafimguscamedbyanambrosiabeetlethatkillsvigoroustrees[4]・Although45
sPeciesamong27generainl7familiesofwoodyplantshaVebeenrecordedashostplants
ofRq"eﾉ℃ivolws[5,19,20,22],woodyplantsbelongingtotheFagaceaefamilyare
consideredasanessentialhostofR9"eﾉ℃ivoJwsbecausethebeetleattackdensitywashigh
ontl℃esoftheFagaceaefamilybutlowontreesbelongingtootherfamilies[5,22].There
al℃manyl℃cordsofRq"eﾉ℃かoJwsoutbl℃aksinevelgreenoakstandsinJapan,butfew
eVergreenoaktreeswel℃killedbythisbeetleeventhOughmanyentlyholeswerefbundon
thetmnksurface[17,22,23,24].Inlshikawa,themortalitywas~ca､40%fbrQ"eﾉ℃“
c"平況Iqbutlowfbrotherconcun℃ntFagaceaespecieseventhougheachspeciesl℃ceiveda
similarnumberofbeetleattacks[10,11].TTeesotherthang.crisP"I"proVedtObe%℃sistant
toRq＃tzele"sp.Thebeetlesshowedtheleastpl℃fも1℃ncefbrg.c"Sp"Iqbuttheyhadtheir
highestl己productivesuccessinthisspecies[11,13].Sincethesebeetlescanl℃alizeahigher
reproductionrateong.c"Sp〃α,thebeetlescanSpreadmorerapidlyinstandswithahigh
compositionofQ｡c"Sp〃α[11].Thissimation,similartoanexoticpestintroducedintoa
newenvironment,resultsinhigherinsectpe㎡bnnancethanontheoriginalhost.Amongthe
FagaceaespeciesfbundinoUrresearchplotsinlshikawa,Q｡crjps"IZzisdistributediiTthe
GOolestplaces[16].Platypodidsareabundantintropicalandsubtropical[℃gions[8,9].
PI"ﾘﾌﾞ〃39"eﾉ℃jvor"sisalsodistlibutedinStoSEAsia,'Iniwan,andtheJapanese
Archipelago[19,201.Japanisthenorthemmostl℃gionoftheR9"eﾉ℃加oJwsdistribution.
Qakdiebackoccursinthenonhem/highmarginsoftheR9"eﾉ℃ivoJwsdistributionandin
thesouthem/IoWmarginsofQ.c"SP況Iadistribution.Oaksotherthang.c"p3〃Iaare
resistanttoRq＃tzelefzsp.probablybecauseastablerelationshiphasbeenfbnnedamong
thesetl℃especies,thefUngus,andtheinsectinalongevolutionalyprocess．Q〃eﾉ℃“
F""Iqwasprobablyleftoutofthecoevolution[11].R9"eﾉ℃jvoJwswasnativeinJapan
butdoesnotseemtobenativeintheplaceswhel℃theoakdiebackisprevalent.Theinsect
WaP,prgbaPlyintroducedfromtheKyushulsland,southemmostmainislandofJapan,
and/orfOreigncountriesbytransportatibnoflogs.WespeculatethatfUm[℃globalwanning
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willacceleratetheOverlappingoftheR9"eJ℃jyor"sandg.criSp"Iczdistlibutions,andthat
t diebackofO.crZsD"/gw111becomemoreP
RangeexpansionoftheoakdiebackcausedbytheambrosiafUngus-ambrosiabeetleFig.4Rangexpansionoftheoakdlebackc meamDros1alungus-amDI･ 1DccLに
relationship.
a:anation-levelexpansionfocusedonthepartoflshikawa,FukuiandShigaPrefecmres.
b:alocal-levelexPansioninMt.KariyasulocatedontheborderoflshikawaandFukui
(modifiedfiguresinKamataaaI.[12]).
4.2SpmadingPatternofOakDiebackatThmeDiffE唾ntScales
KamataaaI.I12]summarizedthespreadingpattemoftheoakdieback(Fig｡4).Atanation
level,thespreadingpattemoftherangeofoakdiebackexpandedconcentricallyfrOmihe
sourcepopIllation(Fig.4a),whichisasimilarpattemasShowninthesection2.1inthiS
paper.At~alocallevel,oakdiebackspreadbyacombinationofjumpdispersaland
neighborhooddiffUsion.ItfirstspreadalongamOuntainlidgebecauseR9MeJ℃かoms
aggl℃gatesnearmountainridgeorupperedgefacingroads(Fig.4b).ThesesPreading
paftemsofdiffiJsionandstratifieddiffilsionsupportthehypothesisthatthepathOgenisn9t
ilativeintheseplaces.Atastandlevel,theincidenceofthediebackspreaddownwards
alongslopesfromthelidge
4.3HumanActivityandtheSpmadsofOakDieback
InFig、3a,thesOurce,populationswerelikelytobeintroducedtotheplacesby
transportationofinfestedlogsbyhuman・HoweventransportationbyhumandoeSnotseem
tocOhtributetoanationwide-scaleofrangeexpansionfromthesourcepopulationsbecause
anationwide-scaleofoak-diebackexpansionshowedapattemofconcentriccil℃lesrather
thanstratifieddiffusion・Ontheotherhand,1℃gardingalocal-levelanalysis,apattemof
stratifieddiffusionwasl℃cognized.Atthislocalscale,jumpdispersalismainlycausedby
insectnight.
BecauseZdultbeetlestendtomoveupwardalongslopesandshowpositivephototaxis,thQ
iiigli5SfconcentrationofnyingbeetlesusuallyObcurSattheforestCdgeoraitheejgCff
fol℃SirgaPs[2,3]Recentlyfth5JapaneseForegtryAgencypromotedCuttin"dcrarillatPF
imm6FMUralbroaJleavedfbrests,whiciimZkesMeinnerforeStbnghterIgetaetaL
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